Scheme 1. Molecular structure of the ligands used in this paper.
Metal-organic frameworks (MOFs) have received great attention in the fields of functional materials and crystal engineering, not only because of their potential applications ranging from gas adsorption, molecular recognition, optics, catalysis, and magnetic materials, but also because of their intriguing framework topologies. [1] [2] [3] The rational design and appropriate use of the characteristic ligands is critical in the construction of the desired MOFs. [4] [5] [6] Among various organic ligands, multidentate N-or O-donor ligands such as pyridine or pyrazine-carboxylic acids, have drawn extensive attention in the construction of coordination polymers owing to their versatile coordination modes and structural stability. 7 For example, pyridine-2,6-, 2,5-, or 3,4-dicarboxylic and pyrazile-2,3-dicarboxylic acids have been employed as successful multifunctional ligands, and a variety of MOFs with diverse topologies and interesting properties have been obtained. [8] [9] [10] [11] [12] However, compared with other pyridine-dicarboxylic acids, pyridine-2,3-dicarboxylic acid (H 2 PDA) (Scheme 1) is rarely employed as a linkage ligand. The main reason is that it often acts as chelating bidentate ligand through one nitrogen atom and one oxygen atom of the carboxylic group in ortho position, and the second carboxyl group remains idle. 13 In an attempt to address this point, we have introduced an effective strategy, in which the pyridine-2,3-dicarboxylic acid is used to construct a basic skeleton and another auxiliary ligand 1,4-bis(imidazol-1-yl)-butane (bib) (Scheme 1) to extend the framework. As an excellent derivative of imidazole, bib not only possesses the merits of imidazole, but also can adopt different conformations compared with the corresponding imidazole ligand on the basis of the relative orientations of its -(CH 2 ) 4 -groups. Herein, utilizing Cd 2+ ions as nodes and the pyridine-2,3-dicarboxylic acid and bib ligands as spaces, we have obtained a novel three dimensional MOF with interesting topologies, namely,
The framework [Cd(PDA)(bib)]·CH 3 OH·2.5H 2 O (1) was synthesized by the reaction of Cd(CH 3 COO) 2 ·2H 2 O with H 2 PDA and bib under hydrothermal conditions. X-ray study reveals that compound 1 is a 3D coordination polymer constructed from Cd 2+ ions, PDA 2− bridging ligands and bib linkers. The Cd 2+ is five-coordinated by three nitrogen atoms from two bib ligands and one PDA 2− with Cd-N distances of 2.212(5)-2.283(4) Å, and N-Cd-N angles of 105.72(17)-125.41(18)º, two carboxylate oxygen atoms from two PDA 2− ligands with Cd-O distances of 2.246(5)-2.337(4) Å and O-Cd-O angles of 169.3(2)º, forming distorted trigonal bipyramidal geometry. In compound 1, all carboxylate groups of the H 2 PDA ligand are deprotonated, and two carboxylate groups of the PDA 2− link two Cd 2+ with µ-(k 3 N, O 2 : O 3 ) coordination mode; that is, the ortho-position carboxylate oxygen atom and the pyridyl nitrogen atom chelate one Cd 2+ and the meta-position carboxylate oxygen atom binds to another Cd 2+ (Scheme 2). The bridging PDA 2− ligands link adjacent Cd 2+ to construct a 1D zigzag chain with the Cd···Cd separation of 8.416 Å (Figure 1(a) ).
The bib ligand has been purposefully selected for the design and construction of intriguing polymers in crystal engineering, owing to the flexibility of the spacer. 14, 15 In compound 1, the Cd 2+ belonging to the adjacent 1D chains are bridged by the bib ligands to form a 2D layer, in which the bib adopts trans conformation and connect two Cd 2+ with Cd···Cd distance of 16.312 Å. The Z-sharped bib Notes Bull. Korean Chem. Soc. 2013, Vol. 34, No. 9 2801 ligands protruding from both sides of the layer enlarge the space within the layer, resulting in the formation of pipe-link channels, which parallel to the [Cd(PDA)] n chains in the b direction (Figure 1(b) ). Furthermore, each layer is catenated through the bib ligand with adjacent one having identical motifs. Adjacent layers are rotated about the normal line of the layer by an angle of about 180, affording a 3D network (Figure 1(c) ).
It is worth mentioning the difference of bib before and after coordinated with Cd 2+ ions. As a free molecule, bib molecule adopts trans conformation ( Figure 2 ) as demonstrated by the torsion angle C6-N1-C4-C7 (-67.0(3) o ). The two imidazole rings are parallel each other, and the donor N2-N2A separation is 10.442 Å. Although bib remains adopting trans conformation after coordinated with Cd 2+ , the torsion angle C10-N2-C11-C12 has changed to 74.5(9) o . The dihedral angle between two imidazole rings is 18 o , and the two donor N5 and N5C atoms are 7.572 Å apart from each other. These changes indicate that bib can bend or rotate according to the geometric needs of metal ions and causes the structural diversity.
During the past decade, the photluminescent properties of many d 10 metal coordination polymers have been studied, and the results reveal that their luminescence behaviors are closely associated with the metal ions and organic ligands. 16, 17 In the present work, the photoluminescent properties of free H 2 PDA, bib and complex 1 have been investigated in the solid state at room temperature. The free bib ligand displays luminescent with emission maximum at 340 nm upon excitation at 300 nm. However, fluorescent emission of H 2 PDA ligand is very weak, and the strong electron withdrawing group, the carboxyl group, results in fluorescence quenching, so H 2 PDA ligands almost have no contribution to the fluorescent emission of as-synthesized polymers. 18 In comparison with that of the free ligands, 1 shows strong emission band centered at 425 nm (λ ex = 368 nm) ( Figure 3) . The emissions arising from the free ligands are not observed for compound 1. The absence of ligand-based emission suggests energy transfer from the ligands to the Cd(II) centers during photoluminescence. Thus, the fluorescent emission of 1 may be proposed to originate from the coordination of bib to the Cd(II) ions (ligand-to-metal charge transition, LMCT), as reported for other Cd(II) complexes with Ndonor ligands. 19, 20 Experimental All reagents and solvents employed were commercially available and used as received without further purification. 
Notes
The C, H and N microanalyses were carried out with a Vario EL III elemental analyzer. The IR spectra were recorded on KBr discs on a Nicolet 170SX FT-IR spectrophotometer in the 4000-400 cm −1 region. Luminescence spectra for the solid samples were recorded with a RF-5301PC fluorescence spectrophotometer.
Synthesis of Bib. Ligand bib was synthesized as reported previously. 20 The product was recrystallized from water and crystals of bib were obtained. Elemental analysis (%) calcd for C 10 Structure Determination and Refinement. Crystallographic data of 1 and bib were collected at room temperature with a Bruker SMART APEX CCD diffractometer equipped with graphite-monochromated Mo Kα radiation (λ = 0.071073 nm). Semi-empirical absorption corrections were applied using the SADABS program. 21 The structures were solved by direct methods and refined on F 2 by full-matrix least squares using SHELXTL. 22 All non-hydrogen atoms were treated anisotropically. Hydrogen atoms were added in geometrical positions. Crystallographic data for the structure reported here has been deposited with CCDC (Deposition No. CCDC-907114 for 1 and 935090 for bib). These data can be obtained free of charge via http://www.ccdc.cam.ac. uk/conts/retrieving.html or from CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, E-mail: deposit@ccdc.cam.ac.uk.
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